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The Tevatron

e pp collisions at s2 = 1.96 TeV

® 36x36 bunches, 396 ns crossing
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CDF

Luminosity (pb™)
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e Over 5.5 fb™! of data on tape
¢ 85-90% data taking efficiency

e Results shown here use
2 to 4 b1

Central Tracker
Secondary Vertex Detector
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Constraints on the SM Higgs mass

¢ Global fit with Tevatron’s 6 s M= 123 OV
Miop = 173.1 = 1.3 GeV and { W o ;
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SM Higgs cross section

ZH-vvb B/V e Cross sections in pb

SM Higgs cross section (HIGLU, V2HV)

1.0 ; )
: HoOWW =20 (vv
o gg—H g i .
ZH- (' bb =
y_ >
G
¥ 10 WH
0.1 R0 ]
3
= - .
I oW’
100 120 140 160 180 200
my (GeV/c?)

Cristobal Cuenca Almenar SUSY 2009, page 8



Higgs searches at CDF Boston, 7 June 2009

SM Higgs branching ratios

SM Higgs branching ratios (HDECAY)

v 3
o~
+
S
o
o

102

o |
LLl
-
>
G
<
D
O
=
O
>
LLI

-3
100 140 160
my, (GeV/c?)

Cristobal Cuenca Almenar SUSY 2009, page 9



Higgs searches at CDF Boston, 7 June 2009

luminosity 2.1 fb-1
exp limit@115GeV/sM 5.6

ZH- vvbb

obs limit@115Gev/sm 6.9

CDF Run II Preliminary, 2.1 fb*

i H = — [ +bbEx <
e Large ET™ss and 2 or 3 jets (at Q. Wb EpechdS0d
£ — £ +bbEx ¥
least 1 b-tagged) £ el I VB Skl
d E --------- Expected 95% C.L limit
e Extra signal from WH (missing BT Observed 95% C.L. imi
lepton) I
* Main background: QCD, W+jets 10
and top pairs
| NNoutput, Signal Region, ST+JP |
60— CDF Run Il Preliminary, 2.1 fb" i
L -Munijsn
r -TopPs'r
50 e T e v T Foegep e B g Bope e g [ o
- - 100 110 120 130 140 150
r s Higgs Mass (GeV/c?)
40 %, saigoundner

E— e Data driven QCD background estimation:
e NN with pr™iss,

e Events with a 3rd jet also included to
increase WH acceptance

3oF

15 e Signal/background NN discriminant

NNoutput
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luminosity 2.7 fb-1
exp limit@115Gev/sm 9.9

. o .
ZH =X é Z b b obs limit@115GeV/SM 7.1

CDF Run Il Preliminary (2.7 fb™)
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M, =120 Gevid  OWZ g e, [ mistass
Eww @ z+ce uncertainty

e acceptance is crucial

Number of Events
w
£4,]

* |oose lepton/b-tagging

¢ 2 high pt leptons, from Z
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* Backgrounds: mainly Z+jets, also top pairs

* 2D Neural Network trained to separate ZH from _
backgrounds T
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e Improve dijet mass resolution using measured E'miss. M,, (GeV/c?)

95% CL Upper Limit/SM
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NN ME+BDT Combo

— luminosity 2.7 fb1 2.7 fb-1 2.7 fb-1
WH->/vbb exp limit@115GeV/sSM 5.8 5.2 4.8

obs limit@115GeV/SM 5§ 2 6.2 5.6

e Most sensitive channel at low
mass

e Basic selection

95% CL Limit/SM

e high pr lepton (3 categories)
e 2 high E7 jets

e large Eymiss

e 1 or 2 b-tags

LT T TR T T R '1:i;o' T I T
¢ Two separate analyses combined: Higgs Mass (GeV/c")

CDF Run Il Preliminary, L =2.7 fb"
4

® NN discriminant

* BDT discriminant (with ME
probabilities as input)

Events

* Main backgrounds: W+jets and
top pair production

00 0102 03 04 05 06 07 08 09 1
NN Output
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e Most sensitive channel at high &
mass @
* Basic selection I
] 1 Standard Model é
L 2 hlgh pT Iepton _|||||'||||f||||1||||l|||| L ||||||||||1||||
110 120 130 140 150 160 170 180 190 200
° Iarge ETmiss Higgs Mass (GeWcz)
e Same sign leptons also included to
catch associate production e NN discriminant
e Sample separated in jet multiplicity ¢ | LR based on ME as input variable

0, 1 and 2 or more jets
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luminosity 2.0-3.6 fb-1

CDF Combination obs limit@115 Gev/SM 3.6

obs limit@160 Gev/sm 1.4

CDF Run Il Preliminary, L=2.0-3.6 fo™
T

T
*WW SS 3.6 fb

95% CL Limit/SM
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e Different channels and Y
techniques combined in
a single result
1
e . SM=1
e Sensitivity approaching S —
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m,(GeV/c?)
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Outline

e BSM Higgs results
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MSSM Higgs sector

e Minimal Supersymmetric
extension of the Standard

Model 300
e MSSM is a SUSY model 250}
with 2 Higgs doublets RS
200}
* 5 Higgs bosons: h, H, A, H* &
and H- 150 |
* At tree level, 2 parameters, £ 100 L
ma and tanp, describe the
MSSM Higgs sector S0+t
* tanP: ratio of couplings to 0 . : : :
down and up type quarks” 0 S50 100 150 200 250 300
2
e At large tanp, 2 neutrals My (GeV/c?)
almost degenerate in *actually, tanp is the ratio of the VEV of the doublets. The
mass, referred as cl) couplings are proportional to the VEV at tree level, before

radiative corrections
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Charged Higgs

c e Search in the top pair sample

4 ¢ a top quark decays to a charged Higgs
e viable at low tanf, ~1

SM Expected Upper Limits

kn 0.7C : : s ;
* Analysis performed with 2.2 b PP S S S L=22f"
T —95% C.L.
y Event SeIeCtlon E 0.5 :_ ............ - |:| loband
¢ one high pr lepton E : ;|20 t;)ands
2 0.4 :_ .............
e large ETmiss &T .
° a-t Ieast four Central jetS E‘o.s:._. b oo enensennsnelunsensseseegensasesesses]ocenseesesspusanesesslieseenseness
e at least 2 b-tagged jets 0.2F-
e Binned likelihood fit to di-jet mass o1
to extract signal, limits F : : : ; ; s
%611lllllllllllllllllllllllllllllllllllll

90 100 110 120 130 140 150 160
A2

H+
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b

Neutral Higgs: H > bb + b + (b) |

95% C.L. limit CDF Run Il Prelimi (1.9/tb) . .
= 200 e it e Analysis performed with 2.0 fb™
@ 180
160 ¢ Basic requirements: 3 b-tagged
140 Jets
120
100 * Modeling of QCD background is
80 " N
60 --=- expected limit nOt trIVIaI
B 1cband
40 E m, ™ scenario, |1 = -200 GeV B 26 band
20 Higgs width included ——  observed limit
qoo P - 1;0 I - 1:10 I - 1:50 T - 1;0 - 2(')0 1 CDF Run Il Preliminary (1.9/fb)
m, (GeV/c?) ~§ 600 : Ez:
. i - i & 500 B beb
* Binned maximum likelihood fit 1 : bab
. . . g =150
used for limit setting g %0 "
: : . 2 300
* Accounting for the Higgs width o
dilutes sensitivity 200
100
* Loop corrections reduce sensitivity
in tanB 050 100 150 200 250 300 350
m., (GeV/c?)
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Neutral Higgs: H 2> T T

b
CDF Run |l 1.8 fb-1
b MSSM ¢—tt Search
b ---A oA Preliminary
b
b

e Analysis performed with 1.8 fb’

¢ Basic requirements: 2 tau leptons, at
least one leptonically decaying tau

¢ three different channels

m, (GeV/c?)

CDF Runll 1.8 fb-1
MSSM ¢—tt Search
Preliminary

® |nclusive search: both production
mechanisms probed

no mixing —

* Profiled likelihood scan in signal cross &
©

section, with mvis templates P 95% CL excluded ]

®* muis: Sum of tau products four-mom
and ETmiss)
0 1 . 1 . | ., 1| . |

¢ all channels fitted simultaneously 100 120 140 rr:ﬁ("Ge{;’I‘iz)2°° 220 240
A
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Fermiophobic Higgs: H = Yy Y

e Search for Higgs bosons that don’t

_ Fermiophobic h—yy (3.0 fb™)
couple to fermions:

. E CDF Run Il Preliminary
* BR to photons is much larger than .
SM prediction 7
L
* vector boson associated @ 102
production 5

® Diphoton resolution < 3%

e Analysis performed with 3 fb™

—e— Observed limit
Benchmark prediction
Expected limit
1 sigma region
2 sigma region

10

e Event requirements

¢ at least 2 photons

lllllllllllllllllllllllllllllllllllll

e at least 1 central photon 80 90 100 110 120 130 140
m ., (GeV/c?)

¢ boosted diphoton system
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Conclusions

e CDF has a very active program on SM and BSM Higgs searches

e Many channels, several technigques, continuos analysis upgrades keep
providing improving sensitivity

® The Tevatron is integrating luminosity faster than ever

* No evidence yet of new particles, but the combined Tevatron sensitivity
already reached Higgs SM predictions, excluding a mass range for the first
time since LEP
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